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 INSTRUCTIONS TO STUDENTS 
 
 
ACCEPTANCE:  This is to advise you that those individuals in Enclosure 1 have been accepted 
for participation in the training course (H-201) AHealth Phd 

http://www-nrc-training.ornl.gov/NRC/ttd/catalog.htm
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OBJECTIVEOBJECTIVE
This math review handout was recommended by studentsThis math review handout was recommended by students
in previous Health Physics Technology courses.  Theyin previous Health Physics Technology courses.  They
noted on Course Evaluation Forms that their math skillsnoted on Course Evaluation Forms that their math skills
were “rusty” having been out of school for a while andwere “rusty” having been out of school for a while and
not having had the opportunity to use them.not having had the opportunity to use them.

The purpose of this Math Review
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++ additionaddition (2 + 3 =  (2 + 3 =         ) )
-- subtractionsubtraction (7 - 6  =  (7 - 6  =         ) )
xx multiplicationmultiplication (5 x 9 =      )(5 x 9 =      )
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XX (c + d) (c + d)
(a + b)(a + b)

ad + ad + 
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Let’s graph theseLet’s graph these
two equationstwo equations

y = 2x+1y = 2x+1
y = 3x -1y = 3x -1
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Solve one of the equations for 
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SampleSample
3x +  5y = 373x +  5y = 37
6x  -  3y =   96x  -  3y =   9

Solve for x and y:Solve for x and y:
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System of EquationsSystem of Equations

The final method isThe final method is Linear Combination Linear Combination

In linear combination, 
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binationax + by = c
ax + by = cdx
dx + 

 + ey ey
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ax + by = cax + by = c
dxdx + + ey ey = g = g

  d d 
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Quadratic Equations
Quadratic EquationsThe equation axThe equation ax22 + bx + bx11 + cx + cx00 = 0, is called the general = 0, is called the general
quadratic equation in “x”.   The common form of thisquadratic equation in “x”.   The common form of this
equation is axequation is ax22  +  +  +  +  +  + 
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LAWS OFLAWS OF
EXPONENTSEXPONENTS
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The following expressions cannotThe following expressions cannot
be simplified any further:be simplified any further:

xxaa y yaa       &  & xxaa//yyaa

Laws of ExponentsLaws of Exponents
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xx1/21/2  =    =  ��xx
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For For 
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DIMENSIONALDIMENSIONAL
ANALYSISANALYSIS
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We start out with units of oz/ydWe start out with units of oz/yd22
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GEOMETRYGEOMETRY
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Rectangle = Length Rectangle = Length xx Width Width
LL

WW
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Area of Generic TriangleArea of Generic Triangle

Area of rectangle = B Area of rectangle = B xx H H
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SURFACE AREASURFACE AREA

Sphere = 4 Sphere = 4 �� R RSphere = 4 04 TD
-0.0028 Tj
1 1 0 sS TD
1.4 0J04 j 21 4 J 4 0i 
423 61 0m
388.2 61 0360 637.80360 603 c
360 568.2 388.2  gs
423  gs
c
457 569 gs
486 568.2 486 603 c
486 637.80457 56961 0423 61 0c
h
425s6  61 0m
4f
096961 0406 569637.80406 569603 c
406 569568.2 4f
0969 gs
425s6   gs
c
430 59 gs
4 4 568.2 4 4 603 c
4 4 637.80430 5961 0425s6  61 0c
sS 0 0
425s4 605s4 m
3 -136 633136 l
S0 -7CE AREA
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VOLUMEVOLUME

44
33

Sphere =          Sphere =          ��  R  R33  
RR

Box = L Box = L xx  W  W xx  H H
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PROBLEMSPROBLEMS  (calculate the following)  (calculate the following)

1.1. area of a circle with a 4 cm diameter?area of a circle with a 4 cm diameter?

2.2. surface area of a hemisphere with a radiussurface area of a hemisphere with a radiusof 2.4 meters?of 2.4 meters?

3.3. volume of a sphere with a 78 cm diameter?volume of a sphere with a 78 cm diameter?

4.4. volume of a box whose length is 7 cm,volume of a box whose length is 7 cm,width is 3 cm and depth is 12 cm?width is 3 cm and depth is 12 cm?

5.5. surface area of a box whose length, widthsurface area of a box whose length, width5.
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DegreesDegrees RadiansRadians

00 00�� == 0.00000.0000
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The sine of an angle is just a number with no dimensions.The sine of an angle is just a number with no dimensions.

If you know the number and want to find the angleIf you know the number and want to find the angle
ber, you can use the ber, you can use the inverseinverse

trigonometric functionn  This would be the inverse sine ortrigonometric functionn  This would be the inverse sine or
tangentn  They are sometimestangentn  They are sometimes

called the called the arcsine, arccosine and arctangent.arcsine, arccosine and arctangent.

Example:Example:

sine 30sine 30  = s ine ( = s ine ( / 6  r a d ia n s ) = 0 .5/ 6  r a d ia n s ) = 0 .5

inv ers e s ine (0 .5) = inv ers e s ine (0 .5) = 3030   or  0 .5 2 3 6  r a d ia ns
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PROBLEMSPROBLEMS   (calculate the following)   (calculate the following)

1.1. arctanarctan (0.666) in degrees (0.666) in degrees

2.2. inverse cosine (0.17) in radiansinverse cosine (0.17) in radians



10/15/0110/15/01 5353

LOGARITHMSLOGARITHMS
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Common LogarithmCommon Logarithm
Base 10 (logBase 10 (log1010))

oror

Natural LogarithmNatural Logarithm
Base e (Base e (lnlnee))

(e = 2.7183)(e = 2.7183)
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The answer The answer “Y”“Y” to  to “log“log1010 X = Y” X = Y” can be thought of as: can be thought of as:

“How many times must 10 be multiplied by itself to yield X ?”“How many times must 10 be multiplied by itself to yield X ?”

or in a slightly different wayor in a slightly different way

“What power must 10 be raised to (i.e.,  10“What power must 10 be raised to (i.e.,  10YY) to get X ?”) to get X ?”

Y is the answer !Y is the answer !

Example:  logExample:  log1010 (100) = 2          because 10  (100) = 2          because 10 xx 10 = 10 10 = 1022 = 100 = 100

(X = 100(X = 100 Y = 2)Y = 2)
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SimilarlySimilarly

““lnlnee X  = Y” X  = Y”

 can be thought of as follows can be thought of as follows
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NumberNumber

00

ln
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On your calculator you should have two keys:On your calculator you should have two keys:

one labeled one labeled loglog which is base  which is base 1010 and and
one labeled one labeled lnln which is base  which is base ee

Each key may be associated with an Each key may be associated with an inverseinverse
which might require you to press a which might require you to press a 2ndF2ndF key key

The The inverseinverse of  of loglog is a  is a power of 10:power of 10: 1010xx

The The inverseinverse of  of lnln is an  is an exponential:exponential: eexx

loglog1010A = BA = B 1010BB = A = A

lnlne
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PROBLEMSPROBLEMS  (Calculate the following)  (Calculate the following)

1.1. the common logarithm of 88the common logarithm of 88

2.2. the natural logarithm of 123the natural logarithm of 123

3.3. the ratio of the natural logarithm of 452the ratio of the natural logarithm of 452
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Manipulating Powe+26363
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INTERPOLATIONINTERPOLATION
NOTE:  Some of the following slides list pages in theNOTE:  Some of the following slides list pages in the
Health Physics Technology Reference Manual forHealth Physics Technology Reference Manual for
looking up Table values.  The values are given tolooking up Table values.  The values are given to
you.  However, if you wish to look them up yourselfyou.  However, if you wish to look them up yourself
and you do not have access to this Referenceand you do not have access to this Reference
Manual you can use any available Health PhysicsManual you can use any available Health Physics
source such as the Radiological Health Handbook.source such as the Radiological Health Handbook.
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The simplest form of interpolation is the “The simplest form of interpolation is the “guesstimateguesstimate”.”.

Let’s say you have a set of numbers like these:Let’s say you have a set of numbers like these:

speed (mph)speed (mph) stopping distance (feet)stopping distance (feet)
1010 1010
2020 4040
3030 7070
4040 9595
5050 120120
6060 150150If you are asked wh at is the stopping distance for a carIf you are asked wh at is the stopping distance for a car

travelling 45 mph, you can calculate the exact value ortravelling 45 mph, you can calculate the exact value or
you can “eyeball” the answer (about 105 feet).you can “eyeball” the answer (about 105 feet).
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7-y7-y
3-2.53-2.5 ==

7-y7-y
0.50.5 == 22

7-y = 17-y = 1

7-1 = 6 = y7-1 = 6 = y

So when x = 2.5, then y = 6So when x = 2.5, then y = 6

22
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Determine Determine ��enen//�� for 7  for 7 MeV MeV photons traversing compact bonephotons traversing compact bone

Looking up some adjacent values fromLooking up some adjacent values from
the Table on page MISC-26 yieldsthe Table on page MISC-26 yields

MeVMeV   �� enen//��
  
66 0.01780.0178

77 ??
88 0.0165178

Sample Problem
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Using linear interpolation wt2wet:
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One Last ProblemOne Last Problem

Determine the buildup factor Determine the buildup factor for for 6060Co photons ifCo photons if
��x = 3 in lead.x = 3 in lead.

The values for the buildup factors are located on pageThe values for the buildup factors are located on page
MISC-35.MISC-35.

Let’s assume that Let’s assume that 

6060Co emits a single photon with anCo emits a single photon with an
energy of 1.25 energy of 1.25 MeVMeV..
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Unfortunately, we have a double interpolation.Unfortunately, we have a double interpolation.

We have to interpolate between We have to interpolate between 
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2 - 12 - 1
2.135 - 1.9752.135 - 1.975

==
2.135 - y2.135 - y2 - 1.252 - 1.25

11
0.16 0.16= = 2.135 - y2.135 - y0.75 0.75
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RULES:RULES:
1.1. You can multiply both sides of an equation by the same valueYou can multiply both sides of an equation by the same value

2.2. You can divide both sides of an equation by the same valueYou can divide both sides of an equation by the same value

3.3. You can add the same value to both sides of an equationYou can add the same value to both sides of an equation

4.4. You can subtract the same value from both sides of an equationYou can subtract the same value from both sides of an equation

5.5. You can multiply any side of an equation by 1 or any ratio whichYou can multiply any side of an equation by 1 or any ratio which
equals 1 (e.g5  a / a)equals 1 (e.g5  a / a)

6.6. You can “flip” both sides of an equation (i.e. reverse numerator You can “flip” both sides of an equation (i.e. reverse numerator 
and denominator) and denominator) provided there is only one denominator on provided there is only one denominator on 
each side, e.g5 (1/a = 1/b each side, e.g5 (1/a = 1/b �
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A = A = BB
CC ++ EE

DD
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AA == B B x
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Extracting InformationExtracting Information
from Tablesfrom Tables

To solve exam problems you will be required to look upTo solve exam problems you will be required to look up
numbers from reference tables.  If you look up thenumbers from reference tables.  If you look up the

wrong value, you will surely get the wrong answer.  Towrong value, you will surely get the wrong answer.  To
avoid this, always be sure of the following:avoid this, always be sure of the following:

--you are on the correct pageyou are on the correct page
--you are looking down the correct columnyou are looking down the correct column

--you are looking across the correct rowyou are looking across the correct row

The following page shows a sample conversion tableThe following page shows a sample conversion table
from the reference manual.from the reference manual.
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ExampleExample Solve ax + b = y  for  “x”Solve ax + b = y  for  “x”

6 6 xx + 3 = 28.2

Solve for Solve for xx::

One equation, one variableOne equation, one variable
equals one solutionequals one solution

10 10 xx + 5 = yyPossible solutions:Possible solutions:

xx  y y

Solve for Solve for xx::

xx = ( = (yy - 5)/10 = 0.1 yy

One equation, two variablesOne equation, two variables
equals many solutionsequals many solutions

6 6 xx = 28.2 - 3 = 25.2 = 28.2 - 3 = 25.2

xx = 25 s/6 = 4.2

0   5  5
11 1515
22 2525
3( scn
- m scn
-0.04 0.04 TD
(x)Tj
0 0 0 sc 486.04 5.9 TD 5.9 T0 .2)6 6344  0 j 1.44 w 
432 89y
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  5 5 xx (3x + 4y) = (18)  (3x + 4y) = (18) xx 5 5
 3  3 xx (5x -  3y) =  ( 1)  (5x -  3y) =  ( 1) xx 3 3

 15x + 20y = 90 15x + 20y = 90
 15x -    9y =   3 15x -    9y =   3

          29y = 87          29y = 87

              y = 87/29 = 3              y = 87/29 = 3

Now if we plug y = 3 into either of the two originalNow if we plug y = 3 into either of the two original
equation, we can solve for x which equals 2equation, we can solve for x which equals 2

3x + 4y = 183x + 4y = 18
5x -  3y =   15x -  3y =   1SAMPLESAMPLE

(test your knowledge)(test your knowledge)

--



10/15/0110/15/01 102102

a = 1a = 1
b = 8b = 8
c = 7c = 7

xx22 + 8x = -7 + 8x = -7SAMPLESAMPLE
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PROBLEMSPROBLEMS
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PROBLEMSPROBLEMS  (Calculate the following)  (Calculate the following)

1.1. the common logarithm of 88the common logarithm of 88

2.2. the natural logarithm of 123the natural logarithm of 1232.
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A = A = BB
CC ++ EE

DD
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BB
CC

==AE - DAE - D
EE

To isolate “C” we can multiply both sides by “C” andTo isolate “C” we can multiply both sides by “C” and
multiply both sides by “E” and then divide both sidesmultiply both sides by “E” and then divide both sides
by (AE - D).by (AE - D).

This produces the same effect as flip
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 = 
A

 = 
B

 + C
B

 + C
D

 + E
D

 + EM
ultiply both sides by (D

 + E)
M

ultiply both sides by (D
 + E)
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A = B A = B xx ee
C x DC x D

EE
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Sample problem of this typeSample problem of this type::

The equation for radioactive decay isThe equation for radioactive decay is

A = A = AAoo x e  x e 
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A = B A = B xx
CC
DD

l n   l n   [ [        ]     ]

To isolate “C” we must get ri
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But an exponential and a natural logarithm are inversesBut an exponential and a natural logarithm are inverses
so they cancel leaving the variables.so they cancel leaving the variables.

= = ee
AA
BB
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Now with a single denominator on both sides we can “flip”Now with a single denominator on both sides we can “flip”

CC
==

FF
ABAB

DB DB + EA+ EA
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AA == BB CC

To isolate “C” we need to remove it from the powerTo isolate “C” we need to remove it from the power
position and get it back on a normal level.  We can doposition and get it back on a normal level.  We can do
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AA == B B xx sine Csine C

To isolate “C” we’ll need to employ the inverse of theTo isolate “C” we’ll need to employ the inverse of the
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A = (B + C) A = (B + C) xx (D + E) (D + E)

To isolate “C” we first divide both sides by “(D + E)”To isolate “C” we first divide both sides by “(D + E)”

= =    (B + C) (B + C)
(D + E)(D + E)

AA

Now we merely subtract “B” from each sideNow we merely subtract “B” from each side

s  B  =  Cs  B  =  C
(D + E)(D + E)

AA

See page 94See page 94



AA == B B xx C C nn

The isolate “C” we need to get rid of the power “n”.The isolate “C” we need to get rid of the power “n”.B ”.n”. C C

n”.
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==
AA

BB
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Instead of using logarithms and Instead of using logarithms and 
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To convert from “A” to “B” find the “A” column along the top row.

To convert from “A” to “B” find the “A” column along the top row.

Drop down to the box containing the number “1".  Move across to

Drop down to the box containing the number “1".  Move across to

the “B” column.  Multiply your “A
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